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[0040] The PLL unit 410 operates as follows. Samples I and Q from the output 
of the correlator 402 are provided to the PLL discriminator 412. The PLL discriminator 
412 may operate to generate Z=atan (Q/l). The output of the PLL discriminator 412 is 
provided to the PLL loop filter 414. The PLL loop filter 414 may have the following 
transfer function: K(p) = K1 + K2/p + K3/(p*p) where K1, K2 and K3 are the coefficients 
of the proportional, integrating and double integrating filter loops respectively, and p = 
jw, j = sqrt(-1), w=27rf, and f is the frequency. The coefficients are selected so that the 
bandwidth of the filter would be 10... 50 Hz. 

[0041] The controlling signal output by the PLL loop filter 414 in addition to 
being provided to the navigation processor 132 for the navigation task, is further 
provided to a carrier numerical controlled oscillator (NCO) 406, which generates the 
appropriate frequency of the carrier reference signal for the satellite channel being 
processed by the satellite channel processor 400. This frequency will be different for 
each of the satellite channel processors shown in Fig. 1 because each satellite channel 
processor tracks one specific satellite in view of the antenna array 102. The signals 
from the output of the PLL loop filter 414 contain the information about the difference in 
the carrier phase of the received and reference signals. This difference is continuously 
applied to the NCO 406 in order to correct the NCO and provide phase and frequency 
coincidence between the reference signal oscillations and carrier signal oscillations. 

[0042] The code oscillator 407 generates the appropriate pseudo-random 
code. The pseudo-random code is selected according to the GPS satellite number (in 
case of GLONASS the channel frequency number of the reference signal is used) being 
processed by the particular satellite channel processor 400 in a manner well known to 
one of ordinary skill in the art. 

[0043] The phase shifter 404 adds the phase of NCO 406 to a phase shift 
correction signal received from the control and synchronization unit 124 as will be 
described in further detail below. The output of the phase shifter 404 is then provided to 
the modulator 405 which modulates the sinusoidal signal output from the phase shifter 
404 with the pseudo-random code output from the code oscillator 407 to generate the 
reference signal. 
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magnetic compass, for example the HMR3000 available from Honeywell, may be used 
to implement these sensors. The input parameters related to the angles of the antenna 
elements and the element-to-element distance are known in advance based on the 
design of the antenna array and may be stored in the attitude unit 138 in advance. 

[0047] In an embodiment in which the antenna array 102 is implemented as a 
linear vertical antenna array with the antenna center on the vertical rod, the phase shift 
correction module 134 generates a correction phase shift signal (0 ik ) for the i-th 
antenna element and the k-th satellite in accordance with the following equation: 

0 ik = (2/7Li//i)sin 0 k 

where Li, A, and 0 k are as described above. 

[0048] Further, in a linear vertical antenna array embodiment (e.g., as shown in 
Fig. 2), it is desirable to block the signals from the bottom antenna element 206 with 
respect to signals received from satellites having high elevation angles because at high 
elevation angles the upper antenna 204 shades the bottom antenna, thereby resulting in 
a deterioration of the signal received at the bottom antenna 206. In this embodiment, 
the blocking module 136 of the control and synchronization unit 124 generates a 
blocking signal at the moment when the antenna switch 116 connects the bottom 
element of the vertical antenna array to the signal processing path, and this blocking 
signal is provided to the PLL unit 410 and DLL unit 408 of each of the satellite channel 
processors, thereby disabling the signal from the bottom antenna in the PLL unit 410 
and DLL unit 408. The particular satellite elevation angle, above which the bottom 
antenna element will be blocked, is dependent upon the particular design of the vertical 
antenna array. In an advantageous embodiment, a suitable threshold angle is 30 ... 45 
degrees. 

[0049] The operation frequency of the control and synchronization unit 124 is 
synchronized with the PLL bandwidth. For example, in an embodiment in which the 
antenna array is implemented as a horizontal planar antenna array with four antenna 
elements (e.g., as shown in Fig. 3), if the PLL bandwidth is between 20.. 25 Hz, then the 
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operation period of the control and synchronization unit is equal to 0.8 ms. As described 
above, the control and synchronization unit 124 controls switch 1 16 to cyclically 
connects antenna elements AE, 104, AE 2 106 ... AE m 108 to RF cable 122 and the 
single signal processing path. Simultaneously, the phase shift correction module 134 of 
the control and synchronization unit 124 generates the phase shift correction signal 
which is output to the phase shifter 404. The phase shift correction signal is 
synchronously generated for the particular antenna element of the antenna array that is 
currently connected to the signaling path. Thus, for example, at the moment when the 
signal from antenna element AEi 104 is connected to the single signal processing path, 
and is being processed by the satellite channel processors, the phase shift correction 
signal generated for AEi 1 04 is provided to the phase shifter 404 of each of the satellite 
channel processors 400. 

[0050] Having described various embodiments of the invention above, a higher 
level more theoretical discussion of processing in accordance with the embodiments will 
now be given. The above described embodiments suggests that only satellite signals 
received by the antenna array elements directly from a satellite, be phased. A 
correction phase shift is calculated for each antenna array element and each active 
satellite based on information about the direction to the satellite, the angle attitude of the 
antenna array, and the configuration of elements in the antenna array. The calculated 
correction phase shift is added to the PLL reference signal. A common additive signal, 
which comprises signals of the successively switched antenna elements, arrives at the 
input of a processing channel for each satellite. The common additive signal contains 
the direct signal and an interference component including constituents of both noise and 
reflected (multipath) signals. Both of the interference constituents contribute to the total 
error budget, although their influence differs. The components of interference signal 
have different spectra, even though they are both additive and pass through the 
common signal path. 

[0051] Noise is a wide-band process with short correlation time. Hence, noise 
samples are substantially independent if the phase shift between them is equal to the 
clock of the antenna switch (where the clock is the time period which is inverse to the 
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1 1 3. The apparatus of claim 1 2 wherein each of said plurality of satellite channel 

2 processors further comprises a phase shifter for receiving said phase shift correction 

3 signals and for applying said phase shift correction signals to said reference signal. 



1 14. The apparatus of claim 12 wherein said antennas are implemented as a 

2 horizontal antenna array and wherein said phase shift correction signals 0 ik for an i-th 

3 antenna and a k-th satellite are calculated according to: 

4 0j k = (2n-Lj/yt) (cos 0 k cos0icos(or k - a, ) + sin 0 k sin 0j ) 

5 where 

6 A is the wavelength of carrier oscillation; 

7 Lj is the distance between the i-th antenna and an antenna center; 

8 9, is the elevation angle of a line that connects the antenna center to the i-th 

9 antenna; 

10 0 k is the elevation angle of the k-th satellite; 

1 1 a t \s the azimuth of a line that connects the antenna center to the i-th element; 

12 and 

13 CTk is the azimuth of the k-th satellite. 

1 15. The apparatus of claim 12 wherein said antennas are implemented as a 

2 vertical antenna array with an antenna center on the vertical axis and wherein said 

3 phase shift correction signals <p ik for an i-th antenna and a k-th satellite are calculated 

4 according to: 

5 <p ik = (2 nU I A) sin 0 k 

6 where 

7 A is the wavelength of carrier oscillation; 

8 Lj is the distance between the i-th antenna and an antenna center; and 

9 0 k is the elevation angle of the k-th satellite. 

1 16. The apparatus of claim 10 further comprising a blocking module for 

2 generating a blocking signal and providing said blocking signal to said plurality of 
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